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INTRODUCTION
The detection of 7-ray lines from excited nuclei (Chupp et al i973) and'aH, 3H and 3 He produced in interaction with solar energetic particles accelerated during solar flares (Hsieh and Simpson 1970) have pointed -to the importance of nuclear reactions in the Solar environment. In comparison with the chromosphere upper limit of (0.01 + 0.005) for aHe//'He ratio (Namba, 1965 2) x l0 -a. The value for r( 3 He/'He) for the November 2, 1969 event exceeds the chromospheric upper limit of Namba by at least a factor of five and the solar wind values by a factor of 100 (Geiss et al 1970, and Geiss et al 1972) .
This result was interpreted as evidence for the production of 3 He via nuclear reactions by energetic particles in the solar atmosphere as distinguished from the acceleration of the ambient Solar 3 He to high energies. However, in the case of many events it was found (Garrard et al 1973 , Anglin et al 1973 that the abundance of 3 He relative to 2 H and sH was very large in contrast with expectations from the theory of nuclear reactions (Lingenfelter and Ramaty, 1967 We present experimental data from these extraordinary events and discuss the limitations these observations place on theoretical models of 3 He-rich events. Preliminary accounts of the observations were given by Serlemitsos and Balasubrahmanyan (1974) , and Balasubrahmanyan and Serlemitsos (1974) .
II. Description of the Experiment a) Detectors
The measurements were made with the Goddard Cosmic Ray experiment on board the OGO-V Satellite (Jones et al, 1967; Teegarden, McDonald, and Balasubrahmanyan 1970) . The experiment consists of a set of three cosmic ray telescopes designed to cover a wide energy range of the particles under study. A schematic diagram of these telescopes is shown in Figure 1 . The kass resolution of the telescopes was more than adequate to identify the isotopes of H and He (Figure 2 and 3) . The two dimensional array for the May 28 event is given in Figure 2 . 2H and 3H
nuclei could be identified because of the low background of the system. 
-Ill(a). -Data Analysis --<General)
The analysis in this study is restricted to particles below 80 MeV nucleorrn -(i.e. particles which stop in one of-the three detector arrays).
The analysis is a two dimensional correlation of the energy loss in a thin detector with the residual energy in the thick detector where the indicent particle comes to rest.
The maximum energy of a stopping particle can be calculated theoretically from range-energy relations (Barkas and Berger 1964) . This theoretically calculated maximum energy is associated with the end point seen in the two dimensional pulse height distribution. Response curves are constructed for each isotope, using range-energy relations. 
IV. Results
Some of the relevant parameters associated with the solar flares reported in this paper are listed in Table 2 . Five solar flares were observed during the period under study. Each of these was associated with solar X-ray and radio emissions. Particle increases were seen for four of these flares. The flare at 1440 on the 29th May was not associated with any detectable increase in particle intensity as seen by our detector.
The second and third flares occur with a separation only of -2 hours and so the statistical accuracy of the data does not warrant their treatment as separate events. For the purpose of this paper, we have combined data from these two flares and treated them as one event. In Figure 6 the energy distributions of 1H, 3 He, and 4 He averaged over the whole of the first event are shown. The energy spectra of all the events are consistent with being power laws in kinetic energy over the complete 4-80 MeV nucleon -1 interval. Table 3 gives the values of the spectral exponents (7) of the energy distribution for the different events. Figure 7 shows the variation.of r( 3 He/4He) and r('H/4He) for the period under study. in energy range 10-100 MeV nucleo -1 , for the sum for seven flares in early work on this subject. This result was close to the upper limit of .01 for the ambient solar chromospheric abundance ratios of these isotopes (Namba, 1965) .
In later work, Anglin, Dietrich and Simpson (1973a,b) and Dietrich (1973) conclude that the ratio of 3 He/ 4 He from some events was more than an order of magnitude above solar atmospheric abundances. Garrard, Stone, and vogt (1973) Table 4 it may be seen that r(He/4He) is highly variable from event to event. Furthermore, all are associated with relatively small particle events. The peak integral intensity of protons of energy > 10 MeV for these events is in the range of 10-2 -10-1 particles/cm ster. sec. For this event both 3 He (Webber et al. 1973 ) and 7-rays (Chupp et al. 1973 ) were observed. Ramaty and Kozlovsky find that in order to account for even the very low .r(He/ 4 He) in the August event (-2%) the incident particles must have travelled through -2 g/cm?. However, very large parth lengths would be required for the three events reported here --170, 80 and 33 g/cnm, respectively. Furthermore, to balance ionization energy loss, continuous acceleration has to be postulated with several GeV of energy being supplied to each Helium nucleus. This should also greatly alter the charge composition at higher Z. Since there was no priority event selection on this experiment, it was not possible to extend this study to Z t 3.
Another puzzling feature detected in the May 1969 flares is the low abundance of protons compared to He nuclei. In this respect, events reported in this paper differ considerably from the November 2, 1969 and
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January 25, 1971 events studied by Dietrich (1973) , and other events in Holt and Ramaty (1969) and Lin (1974) using solar X-ray and electron data have established that only -0.10% of the electrons escape from the Sun.
Since most of the 3 He produced have energies in the range .1 to 1
MeV/nucleon, some type of post-acceleration is clearly necessary to account for the constancy of the ratio over the 4-80 MeV/Nuc interval.
Large fluxes of nuclear gamma-rays should be generated in these events.
The time scale of the production processes of the isotopes would be defined by the duration of the 7-ray emission.
However, the lower limits obtained experimentally for r( 3 He/ 2 H) are more than a factor of 15 larger than the upper limit predicted by Ramaty and Kozlovsky. Also puzzling is the similarity of the spectra observed for 1H, 3 He and 4 He. Clearly further refinements to the Ramaty-Kozlovsky model are necessary. It is also possible that some entirely new mechanism is producing the observed 3 He enhancement. 
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Counting rate of scintillator A. The sharp increases and delay times with respect to the optical flares associated with these events suggest that the increases are due to electrons of energy > 300 keV,
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